Background and Purpose-Prehospital stroke code activations help reducing workflow times during in-hospital triage.
T he safety and efficacy of endovascular treatment (EVT) in acute ischemic stroke has been demonstrated in several trials. 1 Activation of prehospital stroke code (SC) according to prehospital clinical scales has been shown to reduce both pre and in-hospital workflow times.
Protocols aiming to improve workflow are essential to reduce time from symptoms onset to reperfusion, a powerful predictor of outcome 2, 3 : the chances to achieve a favorable outcome decrease ≈15% for each 30-minute delay in reperfusion. In contrast to favorable outcome, the probability of mortality increases 20% for each 30 minutes delay. 4 The optimal imaging procedure to identify and select patients for endovascular procedures has not been established. Within the workflow process to select candidates for EVT, imaging aims to discard intracerebral hemorrhage (ICH) and extense infarct core without mismatch and to identify large vessel occlusion (LVO) accessible for EVT. A variety of imaging techniques are being used for these purposes ranging from cone-beam computed tomography (CT) in the angio-suite to noncontrast CT or advanced multiparametric imaging using CT or magnetic resonance imaging. The former offers only information about the presence of ICH but allows fast door-to-groin times. However, multiparametric imaging offers detailed information of intracranial vascular and parenchymal status but with substantial delays in in-hospital workflow time. 5, 6 To date, there is no consensus about which technique should be used, and many centers use a standard generic imaging protocol for all patients. The chances to present imaging findings that will indicate or contraindicate EVT may vary according to clinical and time features at hospital arrival.
The predictive power of any screening method depends on the frequency of the screened condition in the given population. Screening all patients with uniform lengthy protocols may penalize those with high chances to be EVT candidates according to a predetermined clinical profile. We aim to study the likelihood to be eligible for EVT among SC patients admitted to the hospital within 6 hours to define quick clinical profiles at presentation that may predict EVT indication.
Methods
The data that support the findings of this study are available from the corresponding author on reasonable request.
CICAT (Codi Ictus Catalunya) is a prospective official mandatory registry of all SC in Catalunya. We studied all CICAT entries corresponding to primary admissions in 6 comprehensive stroke centers (CSC) during 18 months (from January of 2016 to July 2017). Demographic, clinical, and imaging data were prospectively collected at each center and centrally audited. Among clinical data, rapid arterial occlusion evaluation (RACE) scale score was assigned by the ambulance crew at initial evaluation of the patient; since 2014, all Emergency Medical Services paramedics in Catalonia received a RACE scale training course, and the use has been implemented throughout the entire territory 7 ; National Institutes of Health Stroke Scale (NIHSS) score and prestroke modified Rankin Scale (mRS) score was assigned on admission by the vascular neurologist on call; and final diagnosis was determined after full evaluation on admission and completing all urgent diagnostic tests by the vascular neurologist. Imaging variables included Alberta Stroke Program Early CT Score (ASPECTS), presence of an LVO (extracranial internal carotid artery, intracranial internal carotid artery, M1-segment of middle cerebral artery, M2-segment of middle cerebral artery, basilar artery, A1 segment of anterior cerebral artery, P1 segment of posterior cerebral artery) determined by computed tomography angiography/magnetic resonance angiography and presence of an ICH on admission; these variables were determined by the local neuroradiology team at the CSC. Workflow times, including onset, arrival, imaging, and groin puncture were also recorded.
All 6 centers follow similar imaging criteria to select patients for EVT derived from the REVASCAT trial (Randomized Trial of Revascularization With Solitaire FR Device Versus Best Medical Therapy in the Treatment of Acute Stroke due to Anterior Circulation Large Vessel Occlusion Presenting Within 8 Hours of Symptom Onset) 8 : Within 6 hours from onset, patients with confirmed LVO occlusion are eligible for EVT if ASPECTS ≥6 on initial noncontrast CT. In cases of doubt, ASPECTS is also evaluated with the aid of cerebral blood volume maps of CT perfusion or computed tomography angiography source imaging.
These data were prospectively recorded in the CICAT registry. The SC database was approved by the local ethics committee. Because of retrospective character, the need for written informed consent was waived.
Statistical Analysis
Descriptive and frequency statistical analyses were obtained using SPSS V.17.0 software. Multivariable logistic regression analyses were used to determine factors that could be considered as independent predictors of indication for EVT. Receiving operating curves, sensitivity, specificity, and positive predictive value were calculated as a measure of predictive ability for EVT of different algorithm models, including clinical and neuroimaging variables.
Results
From January 2016 to July 2017, 3944 SC patients were primarily admitted in a CSC and included in the CICAT registry: 2778 (70.4%) of them were admitted before 6 hours from symptom onset and included in the study. Mean age was 72±15.3 years, 1436 (51.7%) were men, all baseline variables are shown in Table 1 . Almost half (45%) of all SC were admitted between 30 and 90 minutes from symptom onset (Figure 1 ).
Final diagnosis was ischemic stroke in 1762 (63.4%); of them, 720 presented LVO (25.6% of all SC, 40.8 of ischemic stroke); hemorrhagic stroke in 359 (13.0%); transient ischemic attack in 164 (5.9%) and stroke-mimic in 493 (17.7%) patients. The general distribution of the final diagnosis did not significantly change according to time from onset to admission (P=0.07); however, ICH were more frequent in the first 3 hours (% ICH, 0-3 hours, 13.7% versus 3-6 hours, 9%; P=0.01; Figure 1 ).
After full evaluation at the CSC, 763 SC patients (27.5%) received intravenous-tPA (tissue-type plasminogen activator) and 444 (16%) received EVT, with a median door-to-groin time of 77 minutes (interquartile range, 55-102). We analyze different variables according to time from symptoms to CSC admission. Among all SC, the rate of NIHSS >10 decreased over time (% NIHSS >10: 0-3 hours, 36% versus 3-6 hours, 26.1%; P<0.01).
Although the rate of perfect ASPECTS (=10) among ischemic strokes progressively decreased with longer time from onset to arrival (0-3 hours, 73.2% versus 3-6 hours, 57.1%: P<0.01), the rate of ASPECTS ≥6 did not significantly decrease and remained >90% up to 6 hours from symptom onset (0-3 hours, 95.05% versus 3-6 hours, 91.0%: P=0.503; Figure 2 ).
Among ischemic strokes, the presence of LVO (0-3 hours, 45.7% versus 3-6 hours, 37%; P<0.03) progressively decreased over time (Figure 3) .
Patients who received EVT were admitted earlier (EVT+, 106 minutes versus EVT−, 121 minutes); however, the rate of EVT was not different between patients admitted 0 to 3 hours (26.1%) and those admitted 3 to 6 hours (22.9%; P=0.2; Figure 4 ).
Baseline variables associated with EVT were lower premorbid modified Rankin Scale, higher prehospital RACE score, higher NIHSS on admission, shorter onset-to-door time, and higher ASPECTS (Table 1) . A logistic regression model adjusting for all these variables showed that higher admission NIHSS but not ASPECTS or time from onset was an independent predictor of receiving EVT.
A Receiver operator curve showed a predictive value of NIHSS for EVT of 74.1% (95% CI, 71.8%-76.4%). Among all SC admitted within 6 hours from onset, the cutoff point of NIHSS >10 showed a sensitivity of 79.5% and a specificity of 73.2% for the indication of EVT. Discarding ICH patients (after non contrast CT or cone-beam CT), NIHSS showed a predictive value of 79.4% (95% CI, 77.2%-81.6%) and the same cutoff point (NIHSS >10) showed a sensitivity of 75.6% and a specificity of 81.3% for the indication of EVT. Table 2 shows the impact (positive predictive value) of each screening algorithm in the identification of EVT candidates.
Discussion
Our population-based study showed that among SC, within the first 6 hours after symptom onset, there is not a substantial decrease in the chances to be eligible and receive EVT over time. Despite a significant reduction over time in the rate of perfect ASPECTS, at 6 hours, >90% of SC suffering an ischemic stroke still have an ASPECTS >5 that does not preclude EVT. Moreover, the logistic regression model adjusted for all variables, including time from onset, showed that among ischemic strokes within 6 hours from onset the only predictor of EVT is the severity of symptoms (NIHSS >10), which is a known predictor of LVO. A protocol combining symptom severity+exclusion of ICH ensured a sensitivity and specificity >75% for the indication of EVT.
Current guidelines recommend a CT scan to confirm parenchymal neuroimaging criteria and confirmation of an LVO to be eligible for EVT. 9 In the last year several groups explored novel selection protocols based on direct transfer to the angio-suite where a cone-beam CT can detect an ICH. 5, 6, 10 This novel intrahospital pathways showed reductions of the door-to-puncture time >40 minutes without safety concerns as compared to usual in-hospital pathways. According to numerous studies for each additional 30 minutes delay in reperfusion the chances to regain functional nondisability are reduce by 10% to 15%. 4 Therefore the impact of such measures may be extremely important and deserve further study.
The rationale to select patients for EVT according to present guidelines relies in the identification of those patients with substantial neurological symptoms, absence of an ICH or a 
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large irreversible lesion, and the presence of a LVO. This triage occurs after arrival to the CSC in the time interval known as the door-to-puncture time and classically occurs between the emergency room and the neuroimaging facilities. Prehospital scales, such as RACE, 7,11-13 may help prewarning admission teams and reducing workflow times because they help initiating the screening process before the patient is admitted. On hospital admission, a quick neurological examination, including NIHSS assessment may confirm the protocol activation and following steps. Our multivariate analysis confirmed the superior value of the NIHSS scale as compared to RACE in the detection of candidates for EVT 14 ; however, our results point to importance of using prehospital scales as recommended by most guidelines 15 to activate the receiving teams before patients arrival.
The impact of any screening technique depends not only on its sensitivity and specificity. The predictive power ultimately depends on the prevalence of the screened condition. In a population in which >90% of SC will have an ASPECTS >5, screening the whole population with a classic neuroimaging protocol could penalize the vast majority of candidates especially if the safety of direct transfer protocols is confirmed as pointed by initial experiences. The aim of the present study is to describe the prevalence of the different conditions that would build the indication for EVT (No ICH, ASPECTS >5, LVO+) to establish the predictive power of different selection algorithms. The fact that the analysis is based on a mandatory prospective registry that includes all acute SC admitted to all the existing CSC centers in the region reinforce the reliability of the results.
Another interesting finding is the low proportion of ischemic stroke patients presenting with an ASPECTS <6 within the first 6 hours. 16 Nevertheless we observed a progressive decay in the ASPECTS over time confirming that time is brain. In addition, based in recent meta-analysis, current guidelines state that EVT may be reasonable in SC within 6 hours of symptom onset and ASPECTS <6, 1,9 although its benefits are uncertain. In the same line, this study also showed that there is not a substantial decrease in the presence of an LVO during the first 6 hours among SC.
There is no doubt that perfusion imaging helps to identify those patients that will most benefit from EVT; however, it might exclude some patients that would still benefit from EVT. Also, there is no doubt that perfusion imaging causes delays in the door-to-groin time as compared to ultrafast selection protocols such direct transfer to angio-suite. 5, 6, 10 After evaluating the results of this study, it might be reasonable to ask the following question is it fair to perform neuroimaging screening tests (CT-computed tomography angiography-computed tomography perfusion) to all patients within 0 to 6 hours, delaying EVT>30 minutes to indicate EVT in >90% of them? The answer is not evident; however, there is enough evidence to perform a randomized trial to definitively solve the question.
Conclusions
A slight reduction in the proportion of patients with perfect ASPECTS and in the proportion of patients with LVO over time are associated with only minor nonsignificant reductions in the proportion of patients treated with EVT during the late (3-6 hours) time window compared with the early (0-3 hours) time window. Stroke severity is the main predictor of receiving EVT, so a protocol to asses stroke severity on admission (NIHSS), including a prehospital scale as a screening tool (RACE), can be used to effectively identify those patients candidates to receive EVT. The results of the present study, together with preliminary encouraging safety and efficacy results shown in 3 different pilot studies, 5, 6 ,10 support the development of randomized studies comparing standard versus direct transfer to angio-suite admission protocols. There were no significant differences between early (0-3 h) and late (3-6 h) window. ASPECTS indicates Alberta Stroke Program Early CT Score; CT, computed tomography; EVT, endovascular treatment; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; OTDT, onset-to-door time; RACE, rapid arterial occlusion evaluation; and SC, stroke codes.
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